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Sir. 

I, Jonathan Dinsmore, declare as follows: 

i. i axn the Senior Director for Cell Tr^pl^uticn Ra^h at Kacrin, Inc. I have held 
tins position for 1 1 years. My curriculum vitae is attached. 

2- I am well familiar whfa the field of tissue culture, and particularly with the culture of 

myogenic cells. 

3 . I have reviewed and am familiar with the specification of United Slates Patent 

Application fc 0 . 09/624,885 (the '855 application) for "Muscle Cells and Their Use in 
C.rdiac Repair" by AibertEdge. 1 have also reviewed the curr^y.pending claims in this 
application, and understand them to encompass compositions of isolated skeletal 
myoblasts and isolated fibroblasts, so long as me compositions are substantially fee of 
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myotabes, I fctfaer xmd^d that some of the claims specifically ^ co^hxona 

of human ceDs, 

4. I have read the Office Actim m the '885 application, mailed on March 25, 2003, and 
understand that the Examiner has asserted 1) that a scientist of ordinary ddfl wjuld not 
understand me '885 application to describe cell compositions that «re substantially free 
ofmyotubes; and 2) fat the '885 application does not describe compositions of human 
cells. I understand that the Examiner has specifically stated that the '885 does not 
provide any sample of the preparation of a composition of human cells that contains 
^letal myoMas* and fibroblast* b ,t is substantially free ofmyotubes. I disagree with 
the Examiner's assertions. 

5. The purp™ of ^ Declaration is to establish 1) that a scientist of ordnary skiT , ^ 
the '885 application would understand it to describe cell populations mat are 
substantially fiee of myotnb^s; 2) that a scientist of ordinary skill, reading the pxesent 
specification, would understand it to describe preparations of human cells, and 
particularly to describe preparations that are substantially fret of myotubes; and 3) the 

preparations of human cells described in the '885 application are in met substantially free 

ofmyotubes. 

* T 0 addr« S th* first r*mt^ 

application clearly and specifically indicates a preference for compositions that are 
suKstantiaUyforevencompletelyJ^of^, Tne entire purpose of me Wtion 
is to provide composition, mat will form myotubes in *, after the composition is 
mjec^mtohearttissue. Any person of ordinary skill would understand that it is 
desuable for the compositions to be substantially free ofmyotubes prior to their 
section. Thismctiscon^mrougfaoutmes^ Forexample: 
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a. The very definition of a skeletal myoblast that is given in the '885 application 
emphasizes tfaat what is desired in me inventive compositions arc precursor cells 
(see, for example, page 5, line 20) and not mature myotubcs. 

b. Furthermore, at several points, the '885 application indicates that it is desirable to 
characterize the inventive compositions by FACS analysis (see, for example, page 
9, lines 26-29). Myotubes, if they are present in a sample that is submitted for 
FACS analysis, prevent FACS analysis of the cells in the sample because they are 
so large they occlude the scanner's opening aperature and stop the scan. Thus, if 
successful FACS analysis is performed on a sample, it can be concluded that the 
sample was substantially free of myotubes. A skilled scientist, reading inthe '885 
specification that inventive compositions could or should be characterized by 
FACS, would understand that compositions that are substantially fie* of 
myotubes are desired. 

c Furthermore, throughout the '885 application, there j s continued emphasis m 
limiting doubling times (see, for example, page 8, line 27^age 9, line 5) in order to 
avoid cell maturation. For all of these reasons, the '885 application clearly 
informs the skilled scientist that cell preparations substantially fiee of myotubes 

are desired, 

7. With respect to the second and third points, I note that, as one aspect of my work at 
Diacrin, I m responsible for overseemg the posing of human tissue into skeletal 
myoblast compositions. This processing i s performed in accordance with the description 
in the '885 application, as follows: 

a. Th e process i 5 initiated when a piece of human skeletal muscle is shipped to 
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Diacrin. That muscle is subjected to enzymatic digestion to liberate the myoblasts 
from the infan t muscle fiber as is discussed in the <885 application, for example, at 
page 8, lines 1 8-23. This digestion step is performed under conditions designed to 
maximiase myoblast purity, as indicated in the '885 application (see, for example, 
page 8, lines 25-26). 

b - ^ Plated onto a tissue culture surface with growth medium, 

such as, for example, as described at page 10, line 12- page 11 , line 2 or page 1 1, 
lines 7-10, of the '885 application. Cells are allowed to expand to a desired 
number, and are tested periodically by FACS analysis, as described in the '885 
^plication (see, for example, page 9, lines 26-29) to determine the percentage of 
myoblasts m me population. Typically, the expansion period lasts for about 1 1- 
13 doublings, within the range specified in the '885 application. For example, the 
attached Exhibit A shows a FACS assay dam record for a particular culture of 
human cells during expansion. As noted above, the successful determination of 
myoblast and fibroblast cell numbers by FACS analysis provides evidence that 
the compositions were substantially free of myotubes. 

c. After the culture period, the cell populations are again FACS sorted to assess the 
relative percentages of myoblast and fibroblast cells. Before they are released for 
implantation, me cell populations are tested to ensure that they contain functional 
skeletal myoblasts (te., cells navrngthcabi^tofuseandfomnr/otubes). For 
example, me attached Exhibits B and C show, respectively, me FACS and fusion 
assay resute for the final preparation of cells whose culture was assayed i 
Exhibits ^^^PACS^tsdcmoi^ib^composhio^^ 
substotiallyfieeofmyotubes. A, former confirmation of this ^ no myotubes 
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are observed in tie fusion assay for al least 2-3 days. 

; Jonathan D**^ declare that all statements made herein of my own Wfed* ^ 
true and te tnade on informal and belief ate believed to be *w and 

ftrther that these st^* were znade the Wledge that wil^ false states 
and the like ^ made punishab]e by ^ Qr OT ^ ^ § ^ rf ^ 

««f the United States Code and that such wailful, false ^^™ yje< ^ ^ 
validity of the application or any patents that may issue thereon. 

Respectfully Submitted, 




gTame: Jonathan pinsmore 
Title: Sr* tyrtofafai TtW^fWa-fto* 
Date: S/X7f03 
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Jonathan Dinsmore 

28 White Place 
BrooWine, MA 02445 
Home; 617-734-7745 
Work; 617-242*9100x128 
E-Mail ; jhdinsraore@di acrin.com 



Professional Experience 

Senior Director of Cell Transplaiitation Research, 3/99 - present 

Diacrin, Inc., Charlwtown, MA 
Director of Cell Transplantation Research, 1/95 - 3/99 

Diacrin, Inc., Charlestown, MA 
Principal Investigator, 1/93 - 1/95 

Diacrin, Inc., Chadestown, MA 
Research Scientist, 7/92 - 1/93 

Diacrin, lac., Chadestown MA 

Education 



Massachusetts Institute of Technology, Cambridge, MA 

Postdoctoral fellow. Research Topic: "Alteration of gene expression during 
development with antisense RNA expression." Center for Cancer Research and 
Department of Biology, Laboratory of Dr. Prank Solomon, 7/89 _ 6792 

Dartmouth College, Hanover, KH 

Ph. D. Biology. Thesis Tide: biochemistry of the isolated mitotic apparatus " 

Awards^onofCass fellowship Award 1985, Presidential Scholar 1 988 

Ph. D. awarded 6789 

Boston College, Chestnut BOH, MA 

B.S. Biology, Cam Laude, Graduation 6783 
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Additional Professional Activities 

United Sf d ^^ PTOSram, PaW Island, Antarctica, Research 

Bioehemwa] analyst of proteins fiom ^ 

001,1 ^STJ^^ 0 ^' F 0M Sprbg Harbor ' ^ Reseaich student 
„, , Advanced Techniques in Molecular Biology." (6/87 - 7/8D 

Zoology and Invertebrate Embryology."(6/84 - 9/84). 

Memb^M P^fessiona, Associations: American Society far Cell Biology, New 
York Academy of Sciences, American Society for Microbiology Society for 
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Patents and Patent Applications 

Issued Patents: 

U. S. Pat. Number 6,432,71 1 : "Embryonic stem ceDs capable of differentiating into 

desired cell lines.* 

U< S. Pat Number 6,294,383: "Porcine neural cells and their use in the treatment of 

neurological deficits due to neurodegenerative 
diseases.* 

U. S . Pat Number 6,277,372; "Porcine neural cells and their use in the treatment of 

neurological deficits due to neurodegenerative 
diseases." 

U. S. Pat Number 6,258,353; "Porcine neural cells and their use in the treatment of 

neurological deficits due to neurodegenerative 
diseases." 

U. S. Pat Number 6,204,053: "Porcine cortical cells and their use in treatment of 

neurological deficits due to neurodegenerative 
diseases." 

U. S. Pat Number 6,140,1 16: "Isolated and modified porcine cerebral cortical 

cells." 

U. S. Pat Number 5,961,972: "Isolated porcine pancreatic cells for use in treatment 

of diseases Characterized by insufficient insulin 
activity." 

U. S. Pat Number 5,919,449; "Porcine cardiomyocyies and their use in treatment of 

insufficient cardiac function.'' 
U. S. Pat Number 6,491,912; "Porcine cardiomyocytes and their use in treatment of 

insufficient cardiac function." 
U. S, Pat Number 5,837036: "Isolated porcine pancreatic cells for use in treatment 

of diseases characterized by insufficient insulin 

activity." 

U. S, Pat Number 5,677,174: "Isolated porcine pancreatic cells for use in treatment 

of diseases characterized by insufficient insulin 
activity. 0 

U. S. Pat Number 5,629,194; "Isolated porcine pancreatic cells for use in treatment 

of diseases characterized by insufficient insulin 
activity." 

U. S. Pat Number 5,593,673: "Isolated porcine pancreatic cells for use in treatment 

of diseases characterized by insufficient insulin 
activity/ 

U. S. Pat Number 6,444,205: *Tfemsplantation of neural cells for the treatment of 

chronic pain or spasticity." 
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Pending Applications* 

U> S. Application Number 09/1 10,772 

U. S. Application Number 09/163,272 
U. S. Application Number 09/163,227 



improved methods for storing neural 
cells such that they arc suitable far 
transplantation." 

"Porcine spinal cord cells and their use i 
spinal coid repair. H 

'Transplantation of neural cells for the 
treatment of ischemic damage due to 
stroke/' 
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Research Papers 



(1) Dmsmore.J.H LandlLD.SJoboda. (1988). Calcium and calmoduHn- 
depcndeat phosphorylation of a 62kD induce, nSTtSe 
tn: t Wyni«u*ioii in sea urchin mitotic apparatuses Cell 53.7,40 7S n 

62kd mitotic appawtus protein arrests mitosis in dividing sea TO hfc 
embryos. Cell 57:127-134. uiv«ung sea urcftm 

appals assoraated pi0Ieni from ^ ^ tp^far T 
^ ^^P^Pf^ssion of mitosis. Ann. N.Y. Acad Sci. 5S2-30lSn? 
(4) Dmsmore, J. H. and F. Solomon. (1991). In^^l^^fl;^ 
af^K both morphological and cell cttv^So^SnSS" 1 
drfferentUtion. Cefl 64: 817426. 01 neuroaai 

(5> "uS? a ' * * DiD5mQrc » B ' Wnckkr » * D - ^er, and F. Solomon 

(7) DeSw^^^ 

rv sttuctUT ? I y bstmct. J' BwL Chem. 267: 1*76*-18775 

(8) thnsmore, J. fc. and P. Solomon. f!993> The m^JlLZ. B v„ - . 

C12) Isacson, T. W. Deacon, P. Pakzaban, W £ GalnL t t* 

H. Bums f 1 QQ<r» tv„ , . ^ ^ w * "aipern, J. Dinsmore, and L. 
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(14) Di^to J., p. Pakzaban, T. Deacon, L. Bums, W. Galpem, and O. Isacson. 
(199 ?- tf n g-term survival of F(ab-)2 masked xenogeneic fetal porcine 
neural cells after transplantation into bam. Transp^tation ProT^Sl?- 

m^'J^T° S1? ^T tl0n °/ poicinc vent ^ mesencephalon in a mi 

(16) Deacon, T., J. Schumacher, J. Dinsmore, a Thomas, P. Palmer, S. Korr A 

Edge D. Penney, S. Kassissieh, P. Etempsey, and O. fcacson. (1997) " 
^ ^r^,°. ffetal ^ cell survival after transaction 

(17) Di^ml^? ?? Par ^ s ™ >s Nature MedecineaiSS 

(17) D.nsmore.j. a, Deacon, T. W., and Isacson, 0. (1997), Petal neural 

xenografts ^ a therapy for Parkinson's and Huntington's disease. In 
Biotechnology International, T. H. Connor and C R FcTS (si 
„ * T UnivBI$al Medical Inc.). pp, <S5-72 

(18) Jacoby D. B Lrndberg, C. Rafliff, J., Wunderlich, M. Bousquet, J., Wetzel 

Snmi^ 7 g6nerativedisease - Qr 2 ans 

(19) Oettinger, H. F J A, Sullivan, K. & Crosby, J. A. KeHey, D. B. Jacoby J 

Dinsm**, A. Zawadzka, and A. S. B, Edge. (1997). "SpecieslJSfic 

S^l^T" • Xen ° grafts ^ "-Mr againSe?eX,e of 
tie lymphocyte homing receptor, OD44." Xenotransplantation 4-252- 

<20) "SS^!^ ' JaC ° by ' ?V ^udberg, C. (1998) 
Embryonic stem cells as a model for studying regulation of cellular 

differentiation. TheriogenoL 49:145.151. ^ 
De SS ^ i Dinsmore ', L - c Constentini, J. Ratiiff, and O. Isacson, fl998i 
Bfestula stage stem cells can differentiate Into dopannnergic^T' 
m\T- ^^^c^urons after transplantation. Exp. NenroL l49.2g.41 

0998). Regulated expression of the homeobox gene, rptx2, nthe 

(l^M 1 ^ B " ** 1 L Lm t and O. 

ifcacson. (1999). Moms water maze analysis of 19? 6i mnl i - a 

rats and porcine cholin^c 

Transplantation 8: 131-142. "nyuuunpus. i^n 

C24) Ia ^S? ' T C Ii "* e * J ' *>f*» J- R^ff> M. Cunnmgh.m, and J Dinsmore 

f2Si KnVT? ^ ^ e in ^° csm P^ of «ts. J. NeuroscL Res. 56: Sl-594 

^ennRlT^^ ^ ^ PaWEP ' S^t-HflaS ^Shannon K 

Partn-wic^'c^ l^son UUOO) Porcine xenografts in 
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(26) Schumacher, J. M., S. L. £Uias, E. P. Palmer, H. S. Kott, J. Dinsmote, P. K. 

9- S. fink, and 0. IsacsoiL (2000). TraKplantafcw of 

Jj^gj** mesencephalic tissue in p^ents with PD. Neurology 

evince for transfer of pig endogenous retrovirus from pig fetal neuronal 
rto\ t ts amanS 01 10 human »ns in vitro. Transplantation 70: 1382-1389 

C^opreservationof fetal porcine neuronal cells: maintenance of high 
efficiency engraftment and functional correction in a PD rat model I 

(29) Savte SU Rosenbaiini DM, Dinsmorc JH, WechderLR, Caplan LR. (2002) 

Cell tan^tation for stroke. AnaNeuroL 52(3^*7iT 

(30) PagamRD Harout I^imoniaa, Agarha Zawadzka, Kristie Weted, Albert 

i A^i^Sf^ Jacoby, Jonathan H. Dinsmorc, Susan Wright, Tom 
H. Aretz Howard J. Hseu, Keith D. Aaronson. (2003) AutologouSeS 

iostojogica] analysis of cell survival and differentiation J, Am Con 
CardioL 41(5): 879-888. J.Am. coil. 
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Reviews and Book Chapters 

( 1) ta^noprivileged sites for alio- ^ xenctransp^tadon. In 

.Si^D^r^ ^ plantadOD <* •»»■ ^ ^between 
^V^**£ £ Kenip ' J ' L. Piatt, and D. J. G. White feds.) 
_ . 2n f °J- Spmger-Verlag, Berlin, pp. 199-205, 1997. ' 

(2) Edge,A.S.B. a ndJ.DinsmQre. 1997. Xenotransplantation i* the central 

nervous system. Xeno 5:23^25. 

(3) Dk Si?S n J ;« I J; 2?^ of r^urod^g^tive dishes with neural 
,a\ p.^T^ ^ 0 "- Exp " ^ Bnigs 7:527-534. 

W Edge, a. S. B., M. Gosse, and J. Dinsmore. 1998. Xenogeneic cell therapy 
current progress and tee developments of porcine cell ^plantation! 
CftD Transplantation 7: 525-539. 

(5) Dn*more, J. H., J Martin, J- Siegan, X P. Morrison, C Lmdberg, J. Ratliff and 

Mritata ^ r, SSO e Engmeenng. A. Atala, R. P. Lanza (edsT). Academic 
Press, San Diego, CA, pp.1 127-1134, 2002. 
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Abstracts 

■™ ,Un> *^ « tan Amwfc ^Tj. 

107-44JSL mhibfls « divide sea inch* Bmhtyos. IS. 

11-15,1993. Aaoual M«*ng of tbe American Sodely for Cdl Biology, Blc 

0 1) Deacon, T„ p, Pakzzban, J. Itfasniorc. L Sim« t 

13,1993. Annum Meenng of Society for Nenrnscfence, Nov. 7- 

(12) BM S"oS^;i^5 bail 7- W : J - Dins *^ °- 1994, 

primates with chronic MVtp ™ 

Neurosdence. VoL2ft 1 33o? Patk ^°^ 24th A^m JVIertfa^. Society f or 

(13) Deacon. t„ p. Pakzabsn, L Boms W fiat™™ r rv_ 

16 - 17 June 1934. gHOT *' 180 Comvaux on Xenotransplaatanoii. 

( 1 7) ban** a. T. W, Deacon, P. pSKSS StST?^ N ° T »*■ 

selective ^liSS^T a ?^SK N0Vd ^ 



Received from < 617 248 4000 > at 5127/03 4:17:03 PM [Eastern Daylight Time] 



MAY. 27. 2003^ 4:11PM M .CHOATE HALL * STEKAR,,^ ^ / NO. 105 P. 24 ^ 



mflJ Society ibr NeSS^K^^i^^* 4 ^^ 
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model of Pa,]™* ^SmI^TJT^ 111 a ™ 
Ttensptoma^ 27^Ai^Sr^ S«fe*fi»^NeII^>I 
Mouse cmhiytmfe stem cells: in vitro different. ZT^' i ^ Deac ° n » 0. Isaesun. 
plantation. C C n a n^^TSS^^" tracen: ^ 
Sept 1995. «»eauar lTeafcocms for Neurodegenerative Diseases; 7 . 9 

(2*)fcacson, O^J.M. Schumacher J run*™** t xu 

of porckc neural cdls to r£t^ ^ ec riS>Z^ mal1 ' ^^y. Transplantation 

brain. Third ^mi^^ZS^^ ^^on 
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12I<1956> 

2. D. J. Graves and ). H- Wang, ficzymcx 7, 435 
(1972); JL ). Hcoc/ick tad N- B. Midten, Aim. 
ftv. ffetfem. 245, 31 (1930), 

3. A.D.Eng^5.Sdl«hDdcy 1 N, B.Madficn-Cai. /. 
fi^wm. 48, 74$ (1970); A. M- Gold, R. M. 
Johnson, J. IC TtoA^, /. £W. CW 245 (1970); P. 
J. feuvrosky; N. B. MadacD. R. T. Sleroridc. L 
Syguch, Aft 253, 1290 (1978). 

4. J. Monody J. Wjmnn, J. J\ Changeui; J. Jifel. Bid, 
12, £8 (1965). 

S- 5- R- Spring d aT, Nrt** 33d, 215 (1988). 
& S. Sprang, E. GoHtrniifa, R. FktfjtricL 237, 
1012(1987). 

7. R B. Madsen, P. J. Ra*vir#>y f R. J. Fktterick, J. 
Chan. 2$3, 9097 (197S). Parent erytfah of 
pbojphoryfcoc o coniaincd the T«itt * ffi^+tT ghi_ 
omc [E. Kefarireich, M. C Mkfcadide*, C P. Con, 
Biothtnriary o\ 5695 (1967)] bound a the wralyiic 
UIc Crystals were oqinlibrod in glucofc-frcC «Of- 
age buflcr (10 raAf 2-[bis(24iydrtMyt*HTlW- 
no] ethane sulfonic add (fics), 10 mM MgQj, pH 
64] and then «»kcd for 4 m 6 boun in cbe same 
bufiV containiny O.lAf KH»1P0* vid 0.3M trait* 
pentaose (Bocht&wer Manahdni). Aged cywab did 
not rcdi^olve in the giyecr©! phosphafc: buffer IBcd 
w auay. However, ennhed crykalt lncccpofare 
about 10% as mud) fit>m guo^l-phosphan; 
into maluputtesc 15 cbc phtepbpj^ . nttm 

B<scfariugcr measured in a 3Cknki reacrioa. time 
[dccamincd fay the rrjechod of M. Kpfamshi, G. 
Wo, D. J. Grave*, /. 0W. Chan. 257, 14041 
(19S2)]. 

3. The average lAfVLFl - 0.43, where AF = _ 
compared with 0.052 ftr miloopoitagxe alone 
IE. GofcfemjtK S. Sprang, R. J. Ffctterkfc, Mot. 
BieL 15$, 411 (1982); £. J, GoMssnitfe and R. J. 
Hcaerkfc, J. A** A*pJ. CW 55, 577 (1983)]. 

MahOfKntaosc alo&C induced global changes dux 
are highiy corrected with bur. much rtduced io 
niagratude (25%) fan Ac changes inhuxribyborh 
irgaods and catted virtually none of the spodfic 
Changes induced by phwphafc in active ace 
9. S. G. W«iiaj, M. &\ Madscn, S. R. Sprang, J. 

mm^BWxnijty 21, 5372(1982). 
ID. Masuaiy of the cryials iocns^ u indicated by 
the 1 crwngfc in peak width at half die height of die 
008 rtflccoon, from 0.11* in the parent ovvbIi do 
O^T in aetiv^Bd cryitab. 
11. K.-H. Xuong, S. T. Prccr, R. Hamlin, C NJdson, 
W.VciTwn, AOfl Oyir. 2^ (H97S). 

5. R. Sprvig el d., bnpeiblUhed results, 
Tht posidon of the tntmnic in die mat cell ef the 
anrvarcd «yrah was refined by using rfic rigid body 
Icatteqyaies refinement program CORELS 0 L, 
Susanan, S, R. Holbroofc, G. M. Cburdi, S. H. 
Kira, ^to Oy«. A33, 800 (1977)) osmg the 1500 
foon^est reflecrioas txp 4^ A, evenly dinribiued 
ui rtnpraol Jpatc Stained CrystaJUognphic n> 
finemtnt osing an FFT venwa cJTROLSQ [W. A. 
Hcndrickaon and J. Konneri, in BicmolcaiUy Sim* 
tun, Fanauwi, Confarrttion and £m!rtm, K_ Srinjva- 
S ^- (PoganiDn. London, 1951), vol l,pp43- 
47]; racwrponiied nstraiiin co the phi and pci ansfe 
of rcfiidites in 55 Hgmmts, each torrespondingS 
single eionatts of 11-bclkal or ^crand ieconiry 
fftiuctura. After 30 eycfci, data co 3.4 A rcaalunon 
wen lncfttded and the ior£onal renzaina were 
relaxed. 52 n 101 were earrfcd ow with all 
ebb to 2.8 A A*oiution. The modd was rebnte into 
ekctron dcniity maps i-nUWa^ w ith cttcffipeni* 
(2IF«1 - (f e ») utmg dte nv>U^ln r moddinfr pro* 
fJS.f.K-OOO [77 A. Jones, Aa. OyA it 268 
(1978)]. TeDiperuurc farro r refinement waj initiate 
od after cydc78. Cydca 102 to 124 carried out 

T^l^f Pil V***? 1 (°' ^ Tronrvd, L F. 

^ W MaxrSewt, 4ttt Ctju. A43, 489 
(1987)] to mdixfc che tolvent eraiiribuzioa co die 
«BfoCiiins fxxott. The sofrefu wnj modekd as a 
Donunutkni of electron denxfry tcalad ar Q_3 c/A 9 and 
Mlveox B**70 XK No attempt waj made id toean: 
Offdezcd water Dokeules. 

14. P. V. Uttaari, Aom Cryzt. $, 802 (1952). 

15. P. J. McLaughlin, D, I. StUan, H. W. Kldo, N. G. 
C^ftOoiaJqns, L. N. Johnson* BMxftsn(frry 23,5862 

16. Ht$u * BMBOJ. 6, 539 (1W7). 

17. S. Sprang ef WoAamsoy 21, 2036 (1982); P. 

5Jz 



12. 
13. 



J Kjmrcfcy, N. B. hfadxeiv J- SygUCh, JL J. Pfcnjef- 
idt, /. Vol Chan. 2S3, 3343 (197S); P. f. Ka- 
T£nsW,$. Mwcbodry, R. 7. nenxfic^ i&idl, p. 9102. 

18. C Cbotho, M> Ixvitt, D. Riehardsoa, Phx. /^i/ 
Sd. fad, U.S.A. 74, 413Q (1977). 

19. W. S. Bennett and T. A Stan, /. Afoi. SrU 140, 
211 (1980); 5. Remington, C vtfegantL IL Hubey, 
iW, 158, 111 (1982): J. R Kruch, G. Eicbclt, G. C 
Ford, M a Vincent, J. N. JafliOnhrs, (W. 174. 494 
(1984). 

20. K. L Kiroie, K- W. Vok, W. N. l^weorab, 



193, 527 (1987); P. K_ Evaro, G. W. Paxxanis, M. 
C Lawrwec, ihii. 191, 713 (1986). 

21. W, A. Hcndridcjcn, Aiia Cry ft. A84, 931 (1979). 

22. Sgppottcd by N1H grants CM0008S.05 (R.JJ.) 
and DK31507-05 (SJtS.). We rhanfc M. Mudsen 
and $. ^chechotky for providing the parent erysnjs 
and A. Strand for asxisnvHe with TNT refinement. 
Atomic coordinasa to be ckpoiircd in the Biookha- 
ven Prateiq Dua Bank. 

9 January 1989s accepted 28 April 1989 



5-Bromo-2 ' -Deoxyuridinc Blocks Myogenesis by 
Extinguishing Expression of MyoDl 

Stophen J. Tajpscott, Andrew B. Las&ar, Robert L. Davis, 

The pyriroidine analog 5-bromadexxtyuiidinc (BTJdR) competes with dxvmidme for 
moorporation into DNA. Substitmion of BTJdB. for thymidine does aot dgnificaatly 
affcct ceU _ viability bar does Mock cell difercotUtcon in many diflerro lineage*. BUdSL 
substimigxi in a mouse myoblast Enc blocked myogenix: diffcrcmiatian and extin- 
guidied the egression of the myogeoic deteammation gene AtyoDl. JFomd cxpres* 
axon of MyoD 1 from a trcns&cted expre8sion vector a a BUdU-substmited myoblast 
overcame the block to dmtrendation imposed by BTJdEL Actrcrion of BUdR- 
sobshtnted masde stractural geoes and apparoidy normal diffcrentiatioii were ob- 
serrcd in traosfectcd myoblasts. This shows that BTJdR blocks myogenesis at the level 
of a myogenic regulatory geoc, possibly MyoDl, not by directly mhibitiiig me 
sxtivation of mnsde structural genes. It is consistent with the idea that BUdZ 
selectively blocks a class of regulatory genes, each member of which is important for 
the development of a different cell lineage. 



THE SUBSTITUTION OP BUdR FOR 
rJiymidinc in DNA has the effect of 
blocking me expression of the differ- 
entiated phenotypc in majay diffcrcnr cell 
lineages without significantly altering the 
general, or household, functions of a cell or 
cell viability (1-4). The abiliry of BUdR to 
block differentiation is directly related to the 
degree of DNA substitution, and, in gener- 
al, the effect is reversible when cells arc 
cultured in the absence of BUdR and the 
analog is replaced by thymidine during 
DNA replication (5). Therefore, BUdR is 
not acting as a mutagen, but is revcrwbly 
blocking the differentiation program of a 
wide variety of cell types in a manner depen- 
dent on BUdR incorporation into DNA (6, 
7). 

Although the mechanism by which 
BUdR blocks differentiation is not known, 
two types of experiments have suggested 
tfaar BUdR inhibits differentiation by influ- 
encing 2 small number of regulatory loci: (i) 
During chick crythropoiesis, increasing con- 
centrations of BUdR result in the produc- 
tion of progressively fewer eryrhrocytes; 
however, the aydirocytes mat arc forrxjed, 
even at high levels of BUdR substitution, 
arc normal in every way tested (3). This all- 
or-none effect of BUdR inhibition, together 



with the observation thar me dose-response 
curve was consistent with Only a few targets 
per cell (8), suggested that the primary effect 
of BUdR is the mamvation of a regulatory 
gene, or master switch, for crjThropoicsis 
(ii) In primary chick myoblast cultures 
blocked from differentiation by a single 
round of DNA replication in BUdR, the 
kinetics of myotube differentiation after re- 
moval of BUdR and resubstinition wim 
rhymidioc suggested that me BUdR-sensi- 
tivc target or targets segregated with only 
one pair of chromosomes (70). 

Racendy, we have identified a midcar 
protein, MyoDl, which can activate die 
myogenic program in many, but not all, cell 
types (11). The cDNA for this protein was 
isolated by subtracrivc hybridisation of 
cDNA from a myoblast line derived from 
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the mouse fibroblast cell line C3H10T1/2 
(10TI/2 cells) by treatment with 5-azacyri- 
dine. S-Asacytidine is thought to activate 
the myogenic program in 10T1/2 cells, by 
stable dcmetbylauon of a myogenic locus, 
leading to a heritable myogenic phenorype 
(72). Myoblast cell lines derived from 
10T1/2 cells by treatment with 5-azacytidine 
(aza-myoblasts) express MyoDl, whereas 
the parental 10T1/2 cells do nor (11). It is 
not yet dear whether MyoDl is the locus 
responding to 5-azacyridine directly or is 
responding to a nras»&etrvacmg factor that 
jfi expressed after 5-azacyridine Treatment. It 
is clear, however, that MyoDl is a nuclear 
protein (73), and when the MyoDl cDNA 
is expressed in cither scrum-starvtd 10T1/2 
cells or a variety of other cell types ■ many, if 
not all, of the muscle structural genes are 
activated (tl). In this regard, MyoDl is a 
master regulatory gene for myogenesis. 

To analyze the effect of BUdR substitu- 
tion on the expression of MyoDl RNA and 
RNA of other muscle-specific genes, wc 
plana! 10T1/2 cells and aza»myobUsts at low 
density in growth medium [Dulbccco's 
modified essential medium (DMEM) sup- 
ptaented with 15% fetal calf serum and 10 
uAf dcojcycyddinc] with or without the 
addition of 5 ujlf BUdR (14). After 4 dap, 
a time sufficient for most of the cells to have 
incorporated BUdR. into their DMA, paral- 
lel plates of cells were harvested for RNA 
analysis or were switched to diffcrenqariorj 
medium (DMEM supplemented with 2% 
horse serum and 10 uJVf dcoxycyodine) for 
an additional 4 days while the level of BUdR 
supplementation was maintained as before. 
In me absence of BUdR, me ^-myoblasts 
expressed MyoDl mKNA in growth medi- 
um (Fig. 1, lanes 5 and 9) and when trans- 
ferred to differentiation medium fused to 
form myouibc* and initiated the expression 
of myosin heavy chain, myosin light chain 
1/3, and desmin (Fig. 1, lanes 7and 11). In 
the presence of BUdR, MyoDl expression 
was significantly ancriuaicd, and the cells 
neither fused nor initiated expression of the 
muscle sauccural genes when placed in di£ 
rerentiaricm medium (Fig. 1, lanes 6, B, 10, 
and 12). 

If BUdR acted to block diffi^riarion 
through a MyoDl-dcpendent mechanism, 
then forced expression of MyoDl in BUdR- 
substituted ccUs might bypass the BUdR 
blockade. Stable myogenic clones can be 
<Wcdfrom 10T1/2 cells by cransfecrion of 
a plasmid that contains the MyoDl cDNA 
driven by a viral long terminal repeat (LTR) 
(**). Alrhoiigh these cells (10T1/2-LTR- 
MyoDl cells) presumabry lack some or all of 
the regulatory information thar, controls 
expression of the MyoDl gene in aza-myo- 
blasts, they show many of the characteristics 



of aza-myoblasts. In growth medium, these 
cells replicate and express MyoDl mRKA 
(Fig. 1, lane 13), and, when shifted to 
difJcrenrjation medium, they fuse to form 
myombes (11) and initiate the expression of 
muscle structural genes (Fig. 1, lane 15). In 
contrast to aza-mybblasts, BUdR-subsritut- 
ed lOTl/2-LTR-MyoDl cells continue to 
express MyoDl mRNA (Fig, 1, lanes 14 
and 16) and protein (lf) y presumably be- 
cause of an insensitivity of the LTR to the 
inhibitory effect of BUdR. When cultured in 
differemiauon medium the BUdR-subsd- 
tucod 10Tl/2-LTR-MyoDl cells will fuse 
(25) and express muscle structural genes 
(Fig. 1, lane 16), showing that MyoDl can 
activate muscle structural genes even in a 
BUdR-substiruted cell. Similar results are 
obtained with concentrations of 50 \lM 
BUdR {15). 

A second analysis of the ability of LTR- 
driven MyoDl to bypass the block to differ- 
entiation imposed by BUdR substitution 
was undertaken in a transient tramfeerioa 
assay. AaA-myoblascs or 10X1/2 cells, both 
of which had BUdR substituted for thymi- 
dine, were trahsfected with cither the 
MyoDl expression vehicle or with the 
expression vector lacking the MyoDl se- 
quence as a control. After transection, the 
cells were cultured in differentiation medi- 



um for 2 day$ and then processed for unmu- 
nohistocherniea] localization of myosin 
heavy chain and desmin. BUdR-subsurutod 
10T1/2 cells and aza-myoblasts had roughly 
the same frequency of myosin- and desmin- 
positivc ceils after transection with the 
MyoDl expression vehicle as did unsuhsti- 
tuted 10T1/2 cells after transfection (Table 
1). Again, these results are consistent with 
the conclusion that LTR-driveri MyoDl 
expression in a BUdR-substitutrd myoblast 
is sufficient to activate the terminal myogen- 
ic program. The very low level of myogene- 
sis in the substituted aza-mydblascs trans- 
feaect with the expression vector alone is 
similar to the level seen in BUdR-substinic- 
ed aza-myoblasts without trarisfectioh (If). 
This sirnOarxty demonstrates that the bypass 
of the block to differentiation is dependent 
on the expression of transfected MyoDl, 
not secondary to the transfection process 
alone. 

Since the muscle structural genes re- 
mained responsive to txans-actxvarion in 
BUdR-substirated cells, wc wanted to know 
if the MyoDl gene could also respond co 
regulatory factors in a BUdR-siibstitutcd 
cclL We have shown that expression of an 
LTR-dyiven MyoDl construct in 10T1/2 
cells will activate the endogenous MyoDl 
gene (Jtf). The transcript from the LTR- 



Rg. 1, InhibiBQfi of 
MyoDl and muscle-specific 
gene exprcssioa by BUdR 
sobsrirunon. The figure it a 
composne RNA hlor analy- 
sis showing expresrion of 
musdfr^pecttiC genes io UQ- 
subsritntcd and BUdR-sub- 
sanited cells. 10T1/2 cells, 
two different clones of aza- 
myobh«s (Azamyo-F3 and 
Azamye-F2), and a done of 
lOn/2-LTR-MyoDl cells 
were plated ai low density in 
growth medium with (+) or 
wirnom (-) siippfcnienta- 
tkm wirn 5 jxAfBUdR Cul- 
tures were rcfod every 2 
days. After 4 days, when Cul- 
ture achieved corticate, 
one Ser was haTvcned for 
RNA (GM) and a s&Cnd 
Set shifted to drfierentiatioii 
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MyoDl construct lack; —40 nucleotides 
from its 5' end, relative to the major start 
site of genomic transcription, and wc can 
therefore analyze the rcbdve levels of geno- 
mic MyoDl RNA and LTR-MyoDl RNA 
by using a ribonudcase protection assay. 
Consistent with our previous RNA blot 
-analyses (Fig. 1, lanes 1 to 4), we did nor 
detect airy MyoDl in 10T1/2 cells, whereas 
two fragments of approximately 135 and 
155 nucleotides were proteased in aza-myo- 
blayts (Fig. 2, lane 1 ), presumably represent- 
ing two different start site; of transcription. 
BUdR substitution extinguishes the expres- 
sion of the proteased JLNA (Fig, 2, lane 2) 
and when we allowed the aza-myoblasts co 
replicate for several generations in the ab- 
sence of BUdR, they recxprcsscd the 
MyoDl transcript (Kg. 2, lane 3). A smaller 
protected fragment, representing the shorter 
Lift-driven transcript (95 mideotides) was 
seen in 10Tl/2-LTR-MyoDl cells (Fig. 2, 
lane 4). In addition, me presence of both the 
135- and iSS-nuclcoride fragments indi- 
cates that these ceils have activated transcrip- 
tion of their endogenous MyoDl gene. In 
unsutotiruttd 1 OT 1/2-LTR-MyoD 1 cells, 
genomic MyoDl transcripts were as abun- 
dant, rf not more abundant, than the LTR- 
driven transcripts. After substitution with 
BUdR, however, the amount of genomic 
Transcripts decreased and the amount of 
LTR- driven transcripts increased (Fig. 2, 
lane 5). Therefore, in contrast ro the muscle 
structural genes that can be activated to 
nearly normal levels in BUdR-substiuitcd 
cells by the forced expression of MyoDl (as 
juoged by UNA blot analysis, see Fig. 1), 
the ability of the MyoDl gene to respond to 
autoaerivation is attenuated in BUdR-sub- 



Rg. 2. Ribonuclcasc (Kttisc) protection assay 
showing inhibition of genomic MyoDl expres- 
sion in BUdR-substraacd aza-iirfonlasxs and 
1 CTl/2-LTR-MyoDl cells- Lane 1, isa-myo- 
blaso; lane 2, aa-myobhsts Cultured in 5 }lM 

BUdRfor4days;lane3,aza*rnycto • ]L Genomic 

in S uM BUdR for 4 days and then an additional flH&lB'* 
7 days in medium without BUdR supplements'- ^»T?wF 
don; lane 4, lOTl/2-LTR-MycDl cdb; kne 5. 
10Tl/2-LTR-MyoDl cells cultured in 5 ujtf 
BUdR for 4 days; and lane 6, markers. Genomic 
seouenoes representing rhe 5' end of the MyoDl 
gene were cloned inro -die Bluescribc vector (Stra- 
eagenc) and T7pOrymera$e-genemcd rranscript* 
were made » the presence of [o- 32 PJCTP. The 
RMA probe corresponded co genomic positions 
-592 rhroogh +95 relative to the major start site 
of rranseription, as determined by primer exten- 
sion {15). Probe (10 s cpm) *as hybridized over- i 2 3 45 
nighi at 65'Ctn 10 jig of total UNA m 20 uJ of 
^f^T^Z}^ ^ tE? M^^D^fnasa^ add, P H 6.4), O.WNaCl, 1 mM 
Tn^ ^J^^f^J^^ 2 50 ^ ? fdi ^^ buffer [10 mM iris (pH 7.4), 300 mM 
and 5 mM EDTA] wr& RNasc A (5 u^ml) and RNase Tl (40 U/mi) wis added, and the 
^P^^^^ " 30 ^r & V* «ei *cre brought to 0.5% SDS and proUjJfc 
(02 n^^ and mcubated at 37^ f« 15 in^ 

cxwcvd with phend^Orofbrm and predated with ethanoL The protection products were 
separated by eleorophof eSu on an 8% acrylamide and 7M urea gd. 
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sritutcd cells. It should be noted that geno- 
mic MyoDl expression is noi entirely extin- 
guished by BUdR substitution in cither aaa- 
myoblasts or 10Tl/2aTR*MyoDl ceils, 
and we do not euirendy know whether this 
represents normal levels of expression in a 
small fraction of cells or continued low levels 
of expression in all the cells. The failure of 
LTR-MyoDl to fully activate endogenous 
MyoDl expression after BUdR substitution 
may reflect either a cis inhibition of the 
*iyoDl gene to respond to MyoDl -mediat- 
ed activation or the loss of a rxaw- activating 
factor thac normally cooperates with 
MyoDl in activating the gene. 
These results suggest that incorporation 
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of BUdR. jn the musde structural genes may 
not contribute significandy to the ability of 
BUdR to block d^crcrrtiation. Instead, the 
data lead to the conclusion that BUdR. is 
blocking MyoDl expression, either directly 
or indirectly, and the absence of MyoDl 
precludes the expression of the myogenic 
program in these cells. If this is die case, 
men an unsubstinirjcd muscle structural 
gene should be inactive in a BUdR-subsr> 
tmed cell because of the absence of MyoDl. 
To test this idea, wc used plasmid constructs 
containing the reporter gene chlorampheni- 
col aceryltrarasfcrasc (CAT) driven by the 
upstream activation sequences from either 
desrnin (DES-CAT) (17) or muscle creatine 
kinase (MCK-CAT) {18). Bom of these 
constructs arc inactive in 10T1/2 cdls (15) 
but are active in dnTercnriaied aza-myo- 
tubes. These constructs, and control CAT 
constructs containing the Moloney sarcoma 
virus LTR, (MSV-CAT) (19) or the simian 
virus 40 (SV40) early transcription region 
(SV2-CAT) (20), were introduced into, aza- 
myoblasts or BUdJ^-subsrifuted aza-myo- 
blasts by cle<xxoporarion. Elcctroporation 
was used because of the observation that 
standard transection protocols in which cal- 
cium phosphate precipitation is used inhib- 
ited MyoDl protein expression as assayed 
by irfimunohistDchemistxy (IS). Two days 
after electroporarjon, the cells were trans- 
ferred to difierenriation medium and, after 
an additional 2 days, were harvested for 
CAT assays. The amvicy of both MCK- 
CAT and DES-CAT was diminished in the 
BUdR'Cubscieuted aza-myoblasts compared 
to rhe urwbsrituDed cells (Pig. 3). Co- 
dcaroporation with a MyoDl expression 
plasmid (LTR-MyoDl) restored the activity 
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of both MCK-CAT and DES-CAT in 
B UdR-sur^ turret cells. Although we hive 
not demonstrated that the transfccccd plas- 
mids have not rcplicarcd, since they do not 
contain the elements necessary to support 
replication (21), wc believe that we arc 
assaying the activity of uii^bstitutcd regula- 
tcay sequences- Effects of both BUdR sub- 
snmtion and MyoDl expression on the 
control plamrids, MSV-CAT and SV2^ 
CAT, were also observed (Fig. 2). Our 
results support the conclusion that the inac- 
tivity of muscle-specific terminal differentia- 
tion genes in a BUdR-substirutcd aza-myo- 
blast is secondary to the lack of MyoDl and 
not dependent on substitution of the struc- 
tural gene itself. BiUeter ft 4. (22) have 
similarly shown that the regulatory se- 
quences of the myosin Hghf chain 1/3 gene 
arc inactive when rxansreeted into BUdR- 
subtftinited myoblasts, suggesting that the 
BUdR-mediausd inhibition of myogencsis 
efJbcts a trans- acting regulator of this gene. 

MyoDl belongs to a family of regulatory 
genes that share a region mnrainiag a high 
degree of similarity' to a region present in 
the Myc family of proteins (i i). Two other 
fnembers of this family are involved in the 
regulation of skeletal myogencsis, myogenin 
(23) and Myf 5 (24), and both can activate 
the myogenic program when transfecred 
into 10T1/2 cells. Myogenin is not ex- 
pressed in 10T1/2 cells (t€ t 23) but is ex- 
pressed in both aza-myoblasts and lOTL/2- 
LTR-MyoDl cells (Fig. 1, lanes 5, 7, 9 S and 
11). BUdB. substitution extinguishes the 
expression of nryogenin in asa-myoblastx 
(Fig. 1 7 lanes 6, 8, 10, and 12) S whereas 
myogenin is not inhibited in BUdR-substi* 
uraed 1 QTl/2-LTR-MyoDl cells (Fig. l t 
Ws 14 and 16), These data suggest that 
BUdR acts by extinguishing the mainte- 
nance of expression of myogenic regulatbry 
genes and that the expression of MyoDl is 
sufficient to bypass chls blockade and reacti- 
vate at least one other myogenic regulamry 
gene. We cannot conclude that BUdR does 
not have an independent effect on nryogenin 
expression, since it is possible that the main- 
tenance of the dcixrmined myogenic state 
relies on the interaction of MyoDl, myo- 
genin, and potentially other regulatory genes 
in an auiorc^ulatory system, in which altering 
the expression of any member could aflect the 
expression of the others. In rfris regard, we 
should note that (i) forced expression of 
myogenia in 10T1/2 cells will activate 
MyoDl expression (16)> but wc do not know 
if this activation is inhibited by BUdR substi- 
tution; and (ii) me cUfiererfflation of rat L6 
myoblasts, which express myogenin but not 
MyoDl, is inhibited by BUdR (7), 

The ability of BUdR m reversibJy inhibit 
duTocnriation in many eUficrcnr cell lineages 



without significantly affecting the house- 
hold functions of the cell was one of the 
observations used by Holtzer and colleagues 
to postulate the existence of a family of 
master regulatory genes whose activity 
could be selectively blocked {9). Our results 
show that BUdR substitution in aza-myo- 
blast DNA extinguishes the expression of 
MyoDl, whereas rhe muscle structural 
genes remain responsive to activation by 
muscle regulatory factors. We have not yet 
determined whether BUdR inhibits MyoDl 
expression by a ds or trans mechanism. One 
possibility is that BUdR, incorporation alters 
gene expression by changing the binding 
affinity of transcriptional activators or inhib- 
itors, as has been shown for die lae repressor 
(25). If this occurs uniformly for both con- 
sduirive and tissue-specific genes, resulting 
in small alterations of the binding affinities 
of DKA binding proteins, then the particu- 
lar sensitivity of such regulatory genes as 
MyoDl to BUdR substitution would still 
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Fig. 3. Activity of muscle-specific regulatory se- 
quences in BUdR substituted aza-rayoblasts (first 
four assays) or 10TL/2 cells (last assay). Cells were 
Culrared at tow density in growth medium either 
whh (BUdR +) or without (BUdR -) supple- 
mentation wfch 5 pAfBUdR for 4 days before 
dectroporaaon. Approximately W cells were 
suspended in 800 ui of PBS (ptt 7.4) with 20 
Kg of the CAT vector and 20 Mg of cither 
±e MyoDl expression vector (LTR-MyoDl +) 
or the expression vehide lacking the MyoDl in- 
«en (LTR-MyoDl -). Hlecroporanon was per- 
forrncd _with a Bio-Rad Gene Pulscr* Ceils were 
plated in growth mrdhim overnight for 2 dayj 
and then rwicched cd differentiation medium for 2 
dtyi, ar their previous Jcvd of BUdR sttbrarorion. 
Qilture* were rinsed with PBS, scraped into 
*-300 fij of 1»BS, sonicated, and ccmrifuged- 
Equivalent amounts of protein were used for 
CAT assays for each coniauct, CAT assays were 
performed as described (33). 



A- AUOtjst 19S9 



need to be explained. Wc propose thai- 
amplification of expression by positive auto- 
regulation could make MyoDl particularly 
sensitive to slight degrees of inhibition chat 
could lead to dampening of the feedback 
loop and a loss of amplified gene activity. It 
is possible that many different cell lineages 
use positive auroregulatory feedback circuits 
to amplify expression of genes that control 
development, such as has been shown not 
Only for MyoDl (1S) b but ako for some of 
the Drcsophila homcobox genes (20). BUdR 
substitution could possibly dampen these 
positive feedback loops, leading to a selec- 
tive inhibition of this subset of regulatory 
genes. Since BUdR. inhibition is reversible, 
rhe BUdR~rcpresscd cells must retain a 
memory of their committed myogenic po- 
tential The feet that MyoD 1 is inhibited in 
BUdR-substirurcd aza-rnyoblasts suggests 
chat the tfUdR~re$jgtarit memory resides at a 
generic locus that is upstream of MyoDl in 
the regulatory pathway. Alternatively, some 
change at the MyoDl £ene, for example, 
demethylation of a regulatory sequence, 
might be responsible for myogenic memory. 

A second explanation for the effect of 
BUdR is that a single BUdR^responsjvc 
gene is involved in regulating the expression 
of MyoDl and other ■'master regulatory 
genes.* For example, BUdR substitution 
Could result in the overproduction of an 
active oncogene that suppresses the expres- 
sion of MyoDl and related genes. Expres- 
sion of activated ras in C2C12 myoblasts 
will also both block differentiation (27) and 
block the expression of MyoDl (28). In 
these cells, as in BUdR-blocked aza-rayo- 
blasts, expression of MyoDl will bypass the 
ras blockade (25). A similar result is ob- 
served when c-jbs is expressed consrinitivejy 
in aza-inyoblasts (2$). Moreover, a number 
of noridu%rentiaring variants of a2a-myo- 
blast* lack MyoDl expression (J J) bttt 
be induced to differentiate by the LTR- 
driven MyoDl expression vector (29). Thus, 
inhibiriou of MyoDl seems to be a common 
pathway for the inactivation of the myogen- 
ic program. We hope that out current efforts 
to characterize MyoDl regulatory dements 
will help us to determine if BUdR is acting 
in as" or altering the production of a trans- 
acting raetor- 
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